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THE ROLE OF ARTERIOLOSPASM, THE POSTERIOR
PITUITARY, AND AC!TYLCHOLINB
IN THB
TOXEMIA OF PREGNANCY'

ARTHUR E. HERTZLER nox

SENIOR THESIS
PRESENTED TO THE COLI.EGE OF MEDICINE,
UNIVERSITY OF NEBR.AS�A, OMAHA, 1947

INTRODUCTION
"Upon no problem in obstetrics has so much �ffort been expend
ed as in attempts to elucidate the cause of the toxemias of preg
nancy. Yet our insight into this field today is based upon but lit
tle more fundamental knowledge than it was two decades ag�." So
wrote Hofbauer (1) even two decades ago, and today one must con
fess that much the same statement might be made with one notable
exception.

That is. that our fundamental knowledge has been great

ly increased by the multiplicity of experiments carried out� in�

numberable investigators in many fields of scientific endeavor, all
of which may some day serve as an aid in the discovery of the true
etiology of toxemias of pregnancy.
In any problem it is first necessary to define the question
involved.

The term toxemias of pregnancy has been applied former

ly to many processes wholly unrelated.

This state existed until

as late as this last decade when the Ansrican Committee of Matern
al Welfare suggested the now widely accepted classification of
toxemias of pregnancy (2).

In this paper only those processes

falling under Group B of that classification--�"Diseases depend
ent on, or peculiar to, pregnaney•will be considered.
ter are:
1. Mild pre-eclampsia
2. Severe pre-eclampsia (preconvulsiVt'!)
3. Eolal'f4)sia

1.

The lat

Pre-existent hypertension or renal disease, vomiting of pregnancy,
and unclassified toxelllias of pregnancy are not to be included.
Pre-eclampsia occurs during the last half of pregnancy, more
often during the last trimster.

It is characterized by the fol

lowing signs or symptoms (3)s
1.
2.
3.
4.
5.
6.
T.
8.

A rise in blood pressure
Albulirl.nutiia
A rapid gain in weight
Edema
Headache
Oliguria
Visual disturbances
lp�astrio p ain

Pre--ecla�sia may develop into eelampsia unless the fetus. die-a, the
pregnancy is terminated, the pBtient responds to treatment, or very
rarely when spontaneous remission occurs.
Eclampsia differs from pre-eclampsia only in that the above
symptoms and signs are accompanied by convulsions.

Beck (3) con

siders the above states merely as a matter of degree, they all be
ing the sarM· disease entity.
That any theory <>f the etiology of toxemias of pregnancy be
aooeptable certain conditions of patholog�oal and clinical signif
icance rust be met aooording to Stander (4) in his comprehensiTe
discussion of this subject.

The conditions

of the characteristic hepatic lesions.

aret

(a)

The genesis

(b) The predisposing in

fluence of primiparity, mltiple pregnancy and hydramnios.

(c)

That the disease is more common in certain localities and countries.
(d) That its incidence increases as pregnancy approaches term. (e)
That marked edema is usually a favorable sign. while its absence
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adds to the grav!ty of the prognosis.

(�) That re-peated eclamp

sia rarely occurs. whereas chronic nephritis gives rise to in
creasingly serious trouble in each suooeeding pregnancy.

{g) That

int?'a•uterine death of the fetus is usually followed by improve
ment.

(h) That ·hypertension. albuminuria and convulsions are ohar

aoteriatie aooompaniments of the disease.

(1) That anoxemia ,. re

sulting from deficient oxidative processes. is commonly present.
Although the theories to be presented in this paper will not bear
inspection as regards all of Stander's criteria they will give not
able account of their worth in the majority of his stipulations ac
oording to the data now at hand.
The premises to be discusffd herewith are based on phyaiolog•
io grounds rather··than pathologic because a survey of the litera
ture shows that so

l'll1Ch

work has been done with the latter postu•

lated as the cause ,. whereas the evidence points t� its being the
result. that one feels the disco-..ery of the true cause of toxemia
of pregnancy must lie in the field of physico•chemical endeavor.
That the many excellent �ata eolleoted by'thoae attempting t"o a
chieve the same end from the pathologic angle are to be used as
stepping stones or•· i:f you will. a bridge is of oou:rse obvious.
It is not the purpose of this paper to introduce another
theory of etiology :for a disease process whose complexity has al
ready resulted in postulation of theories ooneerning nearly every
aspect of pathology. physiology. and environm!Jnt.

Rather. it is

to present a single. basic pathologic-physiologic process which.
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supported by experimental and clinical evidence, is capable of
producing the picture known as toxemia of preg�ancy, and to ad
vance two hypotheses of a physiological nature which seem ti3
warrant further investigation in view of their evident correlation with that pl'ooeaa.
The theories to be dis eusaed are:
1.
2.
3.

Arterioloapasm
The posterior pituitary presaor factor
Aoetyloeholine'and its antagonistic effect on
pitressin as the much sought after other half
or a vasoul81' equilibrium balance peculiar to
pregnancy.

.ARTERIOLOSPASM
In approaching the- problem of determining the possible
et.iology of toxemia of pregnancy establishing a common faotoir
which could give suoh a varied array of symptoms and signs
would be a great step forward.

It has come to be a generally

accepted conviction that the subjective and objective findings
are primarily the result of an affe-0tion of the small arteries.
•This concept was first advanced by Volhard in 1918, and has
been acoepted by Hynemann, Hinsel•nn, and Fahr." (5)
The presence of an unknown factor causing arteriolar spasm
in dif£erent parts of the body was assumed by Beok

(3).

Mussey

(6) aireed with Beck in concluding that the arteriolar spasm
thus produced created an anoxia of the capillary cells which
increased their-permeability.

"Angiospasm" was advanced as t�e

causative factor in all the lesiohs of toxemia in Addis' work

(7),

That the common factor, the presence of arteriolar spasm, is
sufficient to produce the signs and symptoms of toxemia of preg•
nanoy is supported by the following pathologic and physiologic
data.
PATHOLOGIC ANATOMY
KIDNEY:

Fahr (8), Bell (9), and Baird and Dunn (10) have given us a
very complete pioture of the ohanges in the kidneys in toxemia
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of pregnancy.

Fahr's classical description in 1924 disclosed

swelling of the capillary walls resulting in increased size of
the glomeruli, and a relative bloodlessness of the capillary lumina producing a marked ischemia.

He fel t the glornerular changes

were due to afferent arteriol ar spa sm.

He also described degen-

erative changes of varying intensity in t he epithelial cells of
the convoluted tubules.

These pathological changes are closely

'similar to those descri bed by Scmvarz and Dorsett (11), and are
agreed upon by Stander (4).
Bell reported in 1932 on the presence of a massive t hickening of the capillary basement membrane as well as occasional
increased thickness of the endothelial cells.

The former as

well as the latter created a narrowing of the glomerular capillaries which brought him to the conclusion that this pathology permitted esca pe of albumin and impeded the flow of blood
through the kidneys.

Of the cloudy swel l ing which he perceiv-

ed i.n the tubules he says that it was a "typical effect of toxin or toxic substances in the circulating blood, but it may
also result from anemia caused by spasm of the renal arteries."
Baird and Dunn agree with Fahr's and Bell's descriptions
very closely:

11

The ~lomeruli were slightly enlarged .

They were

denser and more solid than normally and notably bloodless:

Many

of the capillary loops in each tuft appeared swollen and solid
without lumen.

Sometimes this might be due to blockage by swol-

len endothelial cells which might also be increased in number.

6.

There was a practically universal but uneven thickening and reticulation of the capillary basement membrane and the glomeruli in
all cases were notably bloodless.

Another notable feature of

the lesion was its diffuseness in the sense that every tuft is
involved.~

They interpreted the changes in the tubules as pos-

sibly early cloudy swelling.

However, they felt that these find-

ings did not support the presence of a circulating toxin in the
blood in eclampsia.

They agreed with Fahr (8) and qell (9) that

a glomerular lesion is always present in eclampsia which tends
to decrease circulation of blood through the glomeruli.

The glo-

marular lesion was referred to as a response to a stimulus of
some kind, which is in accordance ,vith Browne's (12) views.
Occasionally the kidneys of a patient dying of eclampsia
will show bilateral symmetrical necrosis.

Bell (9) describes

almost complete necrosis of the cortices bilaterally , with interlobular arterial thrombosis and usually thrombosis of the
afferent arterioles as well.

Occasional thrombi were found in

the glomerular capillaries.

There were no thrombi in the lar-

ger branches of the renal arterial system, however.

Bell, and

Duff and Murray (13) consider the primary factor in the produc•
tion of renal necrosis is the thromboses, and the necrosis as
occurring secondary to this.

Baird and Dunn (10) believed the

thromboses developed after release of vascular spasm (their primary factor) when the blood flow was reestablished.

7.

LIVER:
Stander (4) considers the lesions seen in the liver of a
fatal ecl~mptic patient sufficiently characteristic to include the
explanation of their presence as one of his criteria for acceptance of a theory of etiology of toxemias.

He cites Schmorl

(1893) as stating that he had found in every case lesions which
he thought to be more characteristic than those observed in the
kidneys.

These con·sist of irregular, reddish or whitish areas

scattered throughout the entire organ and originating near the
smaller portal vessels.

They are often visible to the naked

eye, and thus the cut section presents a mottled appearance.
Microscopically these areas are seen to be necrotic, involving
the periphery of inaividual lobules and the portal spaces, and
in which blood cells may or may not he present.

Schmorl attrib-

uted the necrosis to degeneration resulting from thrombosis of
the smaller portal vessels.
Numerous investigators disagree that the lesions described
by Schmorl are unique, and report the presence of other lesions.
Acosta-Sison (14) noted areas of hemorrhage, necrosis and fatty
degeneration usually predominant at the perirhery of the liver
lobule as did Schmorl, but also found these lesions in the
central and mid .. zonal portions.

He as or ibed a common origin to

all the lesions in the various organs, "presumably a toxin or an
altered blood condition."
Bell (9) also favored a toxin circulating in the blood stream,
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and based his conclusion on the presence of diffuse injury of the
hepatic cells which he described.

His histological findings in

the liver as well as those of Theobald (15) agree with AcostaSison' s.
Irving ( 5) reported hemorrhage, necrosis, and fa tty degeneration in the lobules.

Because he found thromboses in the radi-

cles of the portal vein or in the small branches of the hepatic
artery occupying the portal space he concluded that the liver lesions could be on a vascular basis.

Bell also stated that throm-

bosis of the small vessels seemed sufficient to account for the
areas of necrosis and hemorrhage.
Arteriolar spasm with ca pillary ischemia could cause liver
lesions as readily as t hose in the kidney according to Addis(7).
His investigations led him to conclude that the essential lesion
of the liver in eclampsia is periportal hemorrhagic necrosis.

He

then postulated that since the hepatic arteries contribute onefourth of the blood to the lobule and 40 per cent of the oxygen,
and the areas of infarction are mainly confined to those supplied
by the hepatic arteries, that spasm of these vessels could produce the requisite ischemia.

If a toxin circulating in the blood

were the essential cause of hepatic lesions he felt there would
be insufficient evidence for the strict localization of the lesions in the periportal areas at the peri phery of the lobule due
to the open nature of the sinusoids into wh ich the capillaries
open.

9.

BRAIN:
Stander (4) cites Prutz as finding apparently histologically
normal brains in only 10 per cent of the cases of toxemia of pregnancy which he studied.

In the same writing Sohmorl is quoted

as having found the presence of thrombi in the smaller cerebral
vessels in 58 out of 65 cases, and ascribed to t hem the causation of the small areas of necrosis so often observed.
eek (3) states that anemia of the cortex is at times the
only apparent gross lesion.

Often, hov,ever, he finds edema, and

multiple, minute hemorrhages are common.

Section reveals diffuse-

ly scattered purictiform hemorrhagic spots throughout the cortex,
often attaining a size of 0.5 to 1.0 cm. where they have coalesced.
Microscopically these areas are softened with arterial wall
degeneration.

In some places, endothelial cells are necrotic

while in others they are well preserved.
As his conclusion concerning the observed cerebral damage
Beck says:

"The area of parenchymal da rr~ge is more e xtensive

than that supplied by the injured vessel, a finding which points
to a greater ischemia than could have been produced by the vascular damage noted.

This observation has led to the assumption

that the primary disturbance is an arteriolar spasm which is
somewhat more extensive than the final vessel lesion.

Because

the ganglion cells are hypersensitive to oxygen deprivation
and, because of the extent of the vascular spasm, the resulting
ischemia produces a relatively widespread necrosis of the paren-
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chyma.

The vessel wall, at the same time, is similarly but less

extensively affected.

Finally, when the circulation is restored,

red blood cells escape and thrombosis occurs as a result of the
changes in the endothelium."
de Vries (16).

Beck cites as a reference for this

Th is agrees substantially with the conclusions· of

Sioli and De Crinis as cited by Stander

(4).

LUNGS:
Although the relative lability of the lung structure in any
severe systemic disease is vrell known several investigators have
reported similar changes present in the lungs of fatal eclamptic
cases.

Thus Beck

(3), Acosta-Sison (14), and Addis (7) have all

reported the findings of edema and congestion, as well as petechial hemorrhages in the lungs.

Addis states that ischemic injury

to the alveolar capillaries by intermittent spasm of the pulmonary arterioles would be expected to produce a similar picture.
PATnOLOGI-C PHYSIOLOGY
Physiologic observations in toxemias of pregnancy offer
substantiation of the concept of arteriolar spasm.

The follow-

ing discussions of the functi •ons of the various organs show well
the correlation of this concept with the above pathologic f i ndings.
RENAL FUNCTION:

By using inulin and diodrast, substances which are specific
tests for function of the glomeruli and tubules respectively, the
glomerular filtration, tubular excretory function, and effective
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renal blood flow may 'be measured.

''felsh, Wellen, and Taylor (17)

used this method in checking normal and t oxemic pregnant patients
for renal function.

They found normal pregnancy to be unaffected

as regards gloroorular filtration and effective renal .flow.

In

13 patients with true pre-eclamptic toxemia, including 2 patients
with eclampsia, they found a reduction of glomerular filtrate
compared with postpartum values.

It was their opinion that this

could be due to spasm of the afferent arterioles or to the thickening of the basement membrane of the glorrarular capillaries as
described above, with increased filtration resistance resulting.
However, in view of the rise in filtration rate which occurred
shortly postpartum they concluded arteriolar spasm was the primary factor.

The effective renal blood flow in toxemia was found

to be norrml or even above normal.

This shows that renal is-

chemia is not an essential factor in causing the hypertension of
pre-eclamptic toxemia.
Vascular spasm of the afferent arterioles produces anoxemia
of the walls of the glomerular capillary loops, which becoroo more
perIMable as a result, permitting the passage of albumin.

The

sudden onset of marked albuminuria often preceding or accompanying an eclamptic attack with rapid disapperance of the albuminuria following the attack may be explained on this basis.

Chesley,

Markowitz, and Wetchler (18) demonstrated this by their cold-immersion tests on pregnant women.

They produced albuminuria in

their subjects by immersing the hand in ice water.
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Albuminuria

invariably occurred if the systolic and diastolic pressures both
rose more than 16 mm. of mercury .

They concluded that the onset

of albuminuria coincided with the release of vascular sp~sm.

The

spasm causes anoxemia which , if it lasts over three minutes,
damages the capillary wall and renders the glomeruli perl'IJ3able
to protein.
Oliguria in toxerrrl.c patients may also be explained on the
basis of arteriolar spasm.

With extension of the spasm there is

a decreased amount of blood flow through the capillaries.

This,

plus the decreased filtration rate described above, could produce
a concorrl.tant oliguria.

This in turn may be interpretod as a

source for explanation of the formation of the tubular casts
seen in the urine of toxemic patients.

With a decrease in the

amount of fluid passing into the tubules the albuminous material
solidifies to form the casts in the tubules .
Hematuria, seen clinically, may be the result of rupture of
branches of the afferent arterioles supplying the tubules, or more
likely, as a result of bleeding through the damaged glomerular
capillary walls into Bowman's capsule following release of the
arteriolar spasm.

PERIPHERAL CIRCULATION:
I.

Capillaries .
In 1924 Einselmann applied the use of a capillary micros -

cope to the study of toxemic patients .

He observed the capil-

laries at the base of the nails of these women .
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In his report

he described constantly recurring, spasmodic contr a ctions of the
capillaries, thickening of the venous loop, and granular glow .
Occasionally vascular spasm caused disappearance of an arterial
loop, followed by a like disappearance of the venous loop as if
from the action of a peristaltic wave .
II.

(19)

Muscles.
Mussey (6) at the 1fuyo Clinic biopsied small sections of

muscles from a short series of pre-eclamptic patients at or about
the time of delivery.

The changes which he observed were identi-

cal with those reported by Keith, Barker , and Kernohan (20) in
pectoral muscle biopsies from non-pregnant patients suffering
from vascular disease and glomerulonephritis with concomitant
hyper tens ion.
III.

Retinae.
That there are observable changes in t he arterioles of the

fundus of the eye in toxemic patients is a commonly reported fact.
Beck (2) describes the.se changes early as localized spastic, retinal arteriolar constrictions .

One arter i ole shows greater

spastic effect than another, and shifting of position of the
spasm occurs every few minutes.

Later, the shifting ceases and

the constrictions become more marked .

This is followed by the

well-known hemorrhagic areas and cotton-wool exudate.

The final

stage is the appearance of diffuse albuminuric retinitis.

Wag-

ener (21) reported the complete disappearance of the arteriolar
changes if an early, permanent fall in blood pressure occurred.

14.

It was his opinion that perrmnent sclerosis might result if the
pre-eclamptic state were permitted to continue.
}.fusters (22) reports narrm,ing of the calibre of the retinal
arteries in every pregnant woman he examined ophthalmoscopically
whose systolic blo~d pressure was 150 mm. or more.
patients examined also showed this.

44 toxemic

Mussey (6) examined the ret-

inas of 98 cases of pre-eclampsia and 10 cases of eclampsia, and
reported 72 per cent of the . total series showed changes in the
retinal arterioles and retina proper.

The severity of changes ob-

served were apparently in direct proportion to the height of the
systolic pressure and to the duration of the hypertension.
Mussey and Wagener both remarked that the variability of the
arteriolar narrowings and their usual tendency to disaprear postpartum or after termination of the toxemia suggested that they
are visible signs of a functional or arteriolospastic lesion
rather than of arteriosclerosis.

1Then the vascular lesion in the

retina is present, it may be assumed that similar lesions are
present in the arterioles elsewhere.
EDEMA:

The rapid gain in weight and edema which are so often seen
in toxemia of pregnancy are manifestations of an impairment of
the water balance of the body.

Zangemeister was the first to

propose this as a theory for the etiology of toxemia (3).

He

postulated an unknown factor creating a change in the capillary
walls with a resultant increase in their permeability allowing

15 •

passage of substances such as serum albumin into the surrounding tissues.

This would increase the tissue oncotic pressure and

result in retention of fluids leading to edema.

Like involvement

of the brain would cause convulsions and coma.

That the increase

in capillary resistance would raise the blood pressure, as advocated by proponents of this theory is disproved by absence of

I.

edem in some oases of eclampsia vrith marked increase in blood

pressure.
That water intoxication can cause convulsions and coma was
demonstrated by Rowntree (23) in his experiments on_ dogs.

How-

ever, he did not obtain an increase in blood pressure (as seen
in pre-eclampsia and eclampsia) unless posterior pituitary extract were given at the saJM time· to cause a vasospastic effect.
Weir, Larson, and Rowntree (24) using the same method but revers -

ing_ the procedure, and were unable to_produce convulsions in dogs
.with posterior pituitary extract injections unless water intoxication was caused at the same time.

From t ;i ese results one may

conclude that both factors may be essentials in the production of
the typical picture of toxemia.
Beck (3) reviews the literature of disturbed water balance
in toxemia and concludes that the theory of arteriolar spasm
includes all that is contained in the disturbed water balance
theory plus supplying a causative factor for that particular upset.

Arteriolar spasm will also explain the presence of visceral

lesions, which the water balance theory fails to do.
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Browne (12) in his comprehensive review of this sub,1ect,
however, stresses the importance of "an increased concentration or utilization of the sex- hormones • 11

He bases this con-

clusion on the experiments of Taylor, W.ar ner, and Welsh ( 25), and
T½orn and Engel (26) on the effects of sex hormones (estrogen and
progesterone) in causing sodium retention.
HYPERTENSION s

Since the experiments of Goldblatt and others in 1934 the
concept of hypertension has been dominated by the theory of the
presser hormones produced by the ischemic kidney.

However, in-

jection of the hormone (angiotonin) into humans reduces the effective rennl blood flow.

That the opposite effect occurs in the

toxemias of pregnancy has been described (17).

Browne (12) con-

cludes from this that hypertension in a toxemic patient is due to
some humeral substance other than angiotonin; that during her pregnancy, and probably after the third month, she acquires a sensitivity to certain presser substances; and that this s~nsitivity
is not due to any constitutional predisposition.
Byrom (27) produced hypertension due to vascular spasm in
rats by the injection of pitressin with pathological results
"resembling in many respects pre-eclampsia and eclamp&ia, and
the discrepancies mentioned would perhaps disappear if a
continuous absorption of vasopressin could be maintained."
He concluded that vascular spasm would explain many of the
clinical and anatomic featur~s of toxemia of pregnancy.
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Further evidence for the role of arteriolar spasm in the
production of hypertension lies in consideration of the four
physiological factors which determine blood pressure.

(Q)

They are:

cardiac output; (b) the force of cardiac contraction; (c)

the viscosity of the blood; and (d) . the peripheral resistance.

In

pre-eclampsia and eclampsia there is no e~idence to surport any
alteration of the first three factors in a manner which v-rould increase the blood pressure.

Therefore, in view of the evidence

presented above, an increase in peripheral resistance due to
arteriolar spasm may well be concluded as the prirmry factor in
pathogenesis of toxemi~ of pregnancy.
Accepting artar iolar spasm as the probable pathogenic factor
common to the production of pre-eclampsia and eclampsia leaves
medical science with a plausible theory, but one !TD.lst nO"'l derive a causative agent for the production of this vasoconstriction.
To present two theories, which are intimately relate~ to explain
the causation of arteriolar spasm will be the further purpose of
this paper.

18.

POSTERIOR PITUITARY PRESSOR FACTOR

When the endocrines in normal metabolism were being divined,
Hofbauer was moved to postulate a theory of posterior hypo~hysealcortico-adrenal mechanism underlying late toxemia (28).
in 1918.

That was

In the 28 years since then much work and argument has

taken place regarding this theory, in attempts to both pr oire and
disprove it.

Although it was an easily understood premise, its

difficulty lay in the explanation of its correlation with the
known and unknown facts.

Why should pregnancy affect the equil-

ibrium between the hypophysis and adrenal on one hand, and the
cardiovascular system on the other-?

Why are only certain preg -

nant women affected by this disturbance, and not all of them!
To further explain his theory Hofbauer (29) lat~r suggested that
biogenous amines g~adually detached them.selves from the syncytial
buds of the placenta and finally dissolved in the maternal blood
stream.

''Experimental eviclence shows that these fragments act

as a powerful formative stimulus to various maternal ductless
glands which respond with hyperplastic changes~(28).

This theory

closely resembled that promulgated by Young (30), and gained
general popularity.

Hofbauer (28) says, "Proceeding from the

remarkable identity of the chemical findings in the blood of eclamptics and of laboratory ani~~ls which had received intravenously
postpituitary extract$, the accumulated pertinent experimental
and microscopic data obtained by various investigators concern-
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ing the nature of late toxemia were collated.

The concept 9f an

undue pitressin effect as the basic factor involved was advaQced"
(29).
Proof of the presence in the blood of the posterior pituitary extract in toxemic individuals was lacking for 10 years after
Bofbauer first presented his theory.

In 1928 Kustner, according

to Mukherjee (31), stimulated expansion of melanophores in
the frog in experiments using the blood from toxemic patients.

He

held that some substance in the blood used was responsible for
producing the melanophoric response and, since the hormone of the
posterior pituitary is the only substance cr·e ating such a rea·ction, he concluded that the posterior pituitary hormone must be
present in pre-eclampsia and eclampsia in su~ficient amounts
to give this effect.
Four years later Anselmino, Hoffman, and Kennedy (32) published an article on the use of ultrafiltrates from the blood of
pre-eclamptic and eclamptic women and injected it into rabbits
with known diuresis curves.

They reported that the injection of

these ul trafiltrates caused anur ia, retention of chlorides, and
an elevation of blood pressure in the animals.

Ultrafiltrates from

the blood of normal pregnant women did not have this effect even
though all conditions were the same.

Exposure to ultraviolet

light and alkalinization of their ultrafiltrate rendered it inactive, and it was absorbed by talcum.

The hor~~ne of the poster-

ior pituitary reacts similarly to these tests so they concluded
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that their experiments had demonstrated the presence of poste:ttior
pituitary hormone in the blood of toxemic patients.
Many negative reports followed this claim by Anselmino, Boffmann, and Kennedy.

Hurwitz and Bullock (33), and Theobald (34)

among others repeated the ex:r;eriment with negative results.

Lev-

itt (35), however, was able to obtain slightly antidiuretic effects in dogs when ultrafiltrates from 4 severely eolamptic patients were used.

He also demonstrated that in dogs an antidiur-

etic effect could be obtained from ultrafiltrates of their blood
after intravenously injecting 15 units of pituitrin, provided
the blood was withdrawn from the animal within 12 minutes after
injection of the pituitrin.

This may be interpreted as showing

the rapidity of destruction of pituitrin by noriml tissues, but
leaves open to question the effect in individuals known to have
pathological damage to their organs of detoxification as in toxemia of pregnancy.
Melville (36), using the bladder fistula dog as a test aniw~l, was able t o obtain greater recovery of the antidivretic
effect than was Levitt according to a review of his control series.

He then tried tests using from 8 to 20 cc. of blood taken

from 12 women during; the latter part of pregnancy.
had systolic blood pressures below 140 mm. Hg.

Six of them

The blood from

5 of these 6 normal patients gave no antidiuretic response.

The

other six patients had systolic blood pressures over 140 mm. Hg.,
and the blood from 5 of them ga ve an antidiurP,tic effect.
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The

most pronounced antidiuresis (54 minutes) was obtained from 8 cc.
of blood taken from a patient with fairly marked hypertension,
albuminuria, and edema (pre-eclampsia).

Melville mentioned, how-

ever, that 200 times the antidiuretic dosage of pitressin would
be necessary to exert a minimal ef~ect on blood pressure in a hum-

an subject on the basis of evidence from his experiments.

This

agrees more or less with Byrom's (27) observation that 250-800
units of vasopressin would be required to obtain the sa!ffl effects
on blood pressure in humans as is produced by 5-40 units in rabbits---"unless some hypersensitivity to vasopressin is present in
the vessels of toxemic women."
Teel and Reid (37), following the method Gilman and Goodman
(38) used to demonstrate antidiuretic pituitrin-like substance in
rats, conclud~d from their experiments using the urine of normal
pregnant women, and pre-eclamptic and eclamptic women, that a pitu,itrin-like substance was recovered from the latter women and not
from normally pregnant ones.

They suggested:

"This pituitrin-

like substance acting upon the kidney in an abnormal manner, or
perhaps inadeouately opposed by an antagonist, offers an immediate mechanism for the water retention in pre-eclampsia and eclamp.,s ia."

In 1941 Mukher,;ee (31 ), after an extensive review of the subject, performed closely controlled experiments to confirm the :!)resence of posterior pituitary hormone in the blood of patients suffering from toxemia of pregnancy.
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In the ultrafiltrates of blood

from the toxemic patients he obtained typical melanophoric response in frobs, antidiuretic effect in female guinea pigs, and a
vasopressor action in cats .

The latter action was compared with

controls of adrenalin and pituitrin injections, and resembled very
closely that of pituitrin.

In his control ultrafiltrates from

normal pregnant women Mukherjee was unable to demonstrate sufficient evidence by any of t hese three methods to conclude the presence of posterior pituitary hormone in the a bsence of toxemia.

He

further substantiated his conclusions by the injection of 5 cc.
of ultrafiltratee into pregnant women.
patients were tested.

Both normal and toxemic

In normal pregnant women the effect thus

obtained "was found to be almost equivalent to that with ¼cc. of
pitressin, when the filtrate had been obtained from well-marked
cases of toxemia.

Both vasopressor and antidiuretic effects were

of the same type as those with standard vasopressin. 11
In toxemic patients Mukherjee made the following observations a f ter in.iection of 5 cc . of the ultrafiltrate. "rhe response obtained was of a similar nature.

There was s perceptible

rise in both systolic and diastolic blood pressure to a varying
degree depending on the intensity of the toxemia.

The antidiur-

etic effect also followed closely that observed with standard
vasopressiP.

The response obtained with 5 cc. of the filtrate

secured from a severely toxic patient was slightly more than
that with

¼ cc.

of pi tress in (Parke-Davis).

In a patient with ad-

vanced toxemia the rise of blood pressure was 22 mm. Hg. systol-
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ic, and 16 mm. Hg. diastolic.
was only 45 per cent."

The water clearance in this case

Re also noted a definite increase in the

inorganic phosphorous of these patients after injection of the
ultrafiltrat E\ which agrees vrith the clinical findings in toxemia,
the average ris~ being 2 mg. per cent.
Mukherjee concluded from his experiments that there is an
increased concentration of the posterior pituitary hormone in
the circulation of toxemic patients, which
biochemical investigation."

11

is corroborated by

Of his observations on the effect

of ultrafiltrate and ritressin injection into both normal and toxemia patients he says:

"The toxic manifestations produced exper-

imentally in normal pregnant women required extremely massive
doses of vasopressin, whereas with only e. small dose of this substance or of the ultrafiltrate worse toxaemic symptoms could be
produced in persons already suffering from pregnancy toxaemia.
The observations show that the toxaemic pa tients ~re in some degree susceptible to posterior pituitary extracts.

From clinical

experience we know of similar idiosyncrasy to other natural
hormones of the body, namely adrenalin and insulin."
To bear out the presumption of hypersensitivity in toxemic
patients to posterior pituitary extracts Browne (12) reports
·that experiments started on 27 normal primiparae early in pregnancy in which he injected vasopressin intravenously showed a
much greater reaction to presser substances later in their pregnancy before toxemia developed in those who finally became toxemic.
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Clark (39) in the course of studies on the effects of thyroid
on the glycogen reserves of rabbi ts noted that after 14 days
of feeding thyroid to the animals they died within 60 seconds
after an intravenous injection of posterior pituitary extract
which they had been able to withstand previously without sysptolllS.
Ha concluded that inoreased thyroid heightened susceptibility t•
the toxic effects of pure presser pituitary extract.

That hyper-

function of the thyroid gland occurs during pregnancy is well established; Beck (3).

This observation lands support to the re-

marks of Byrom (27), Mukherjee (31), and Brov,ne (12) that h~rpersensitivity to posterior pituitary extracts does or must exist
in toxemia of pregnancy.
Byrom (27) was able to increase the sensitivity of rats to
vasopressin to 10 times the normal reaction by preliminary treatment with estrogens, and in unspayed rats the sensitization could
be aquallr well produced by gonadotrophic hormones.

The majority

of observers, however, describe a decrease in concentration of
estrogen and progesterone in pre-eclampsia and eclampsia.

Bro,,;ne

(12) cites Taylor as suggesting that the low astrin may be due to
its greater utilization or to its rapid destruction with the possible formation of some toxic product.
In connection with the disturbed hormonal equilibrium in
toxemia it is appropriate to mention here the work of Smith and
Smith (40).

" More detailed studies of the urinary excretion of

IMtaboli.tes of estrogen and progestin (by women under various phy-
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siologic, pathologic and experimental conditions) have estabilish:
ed the fact that a deficiency of progesterone, as well as estrogen, pertains in late prPgnancy toxemias.

The observed changes,

entirely similar to the hormonal situation which occurs just before and during labor, are in progress weeks before the development of toxe mia."

Fortnightly quantification of serum chorionic

gonadotropin, started during the fifth month of pregnancy detected an abnormal rise of this hormone two to eight weeks before
clinical appearance of toxemia in about 80 per cent of their cases.
Thus is provjded experimental evidence of an increase in a substance in the blood of toxemic patients wh ich was shown by Byrom
(27) to sensitize rats to the action of the posterior pituitary
hormone.
The above evidence supports the actual presence of increased posterior pituitary hormone in the blood of patients with preeclampsia and eclampsia.

There is also suggested the sensitiza-

tion of the individual to the action of the posterior pituitary
factor.

Can the action of this hormone produce the common physio-

pathologic factor, arteriolar spasm, to account for the changes discussed in the first section of this paper?

The foll~ning pertin-

ent findings are offered in support of an affirrnative answer to
t h is ouestion.
Byrom (27) tested the effects of vasopressin on rats when
large amounts (20-40 U) were administered intraYenously.

He ob-

sprved profound but transient vasoconstriction with the product-
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ion of anemic infarcts in the kidneys similar to those of malignant hype;tension.

However, if he gave small repeated doses of

vasopressin over a period of several days the kidneys devel6ped
sevsre tubular degenerat ion and catarrh.

"Clearly the result of

a milder degree of vascular spasm which when more intense causes
actual infarction.

The more diffuse distribution of the lesions

indicates successive doses of vasopressin constrict different
branches of the renal arteries. 11

In the liver hemorrhagic and

anemic infarcts were produced which were also attributed to vasoconstriction.

He also noted that such doses which left the liver

undamaged in pregnant rats lead to death and maceration of the
fetuses---an interestjng observat~on which may be likened to the
clinical course of pre-eclampsia.
In 1943 Nedzel 1 s (41) work on vascular spasm was published.
Through reference to this quarto the vasoconstrictive action of
pitressin concerning nearly any field of physiological phenomena
may be obtained.

Of specific interest in this paper are his fol-

lowing observations:

-

"Pitressjn, by acting on the arterioles and

capillaries evokes a rise in arterial blood pressure, leads to a
lowering of the pH, and causes hyperglycemia.

This is undoubted-

ly a result of anoxia in the tissues due to the peripheral blood
circulation being impaired.

The observations of others, and the

experiments here presented, point again to the intimate interrelationship between the endocrines, the aut·onomic nervous system,
and the chemistry of the body.

An extract of the pituitary body
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causes changes in the tone of the blood vessels and simultaneous
changes in the chemical constituency of the body."

That the·

effect which pitressin produced was a matter of individual suscepitibility, highly variable from animal to animal, is another
notable observation made by Nedzel.

...
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ACETYLCHOLINE

In the preceding section on the activity of the posterior
X

pituitary factor Teel and Reid (37) were noted to have observed
in their conclusions that an immediate mechanism for the water
retention in pre -ecla mpsia and eclampsia was offered by the presence of a pituitrin-like substance acting abnormally upon the kidney,

11

or perhaps inadeouately opposed by an antagonist."

The

evident ability of the human body to routinely . provide delicately
adjusted eouilibriums, and even to do so during normal gestation

><

has brought forth many otestions as to the pituitary pressor antagonist which should be present in decreased amounts if the posterior pituitary hormonal theory is to be strengthened.

The fol-

lowing evidence is presented to demonstrate that such an antagonist does occur during pregnancy, and that it is decreased in amount
during pre-eclampsia and eclampsia .
In 1918 Hunt ( 42) corroborated the findings of Dale seve1•al
years r,reviously that the effect of hypotension after intravenous

in,iecti.on of acetylcholine wa-s due to vasodilatation of the peripheral circulation.

Hunt's experiments showed that acetylchol-

ine was 100,000 times more active than nitroglycerin in its effect on the circulation, and 100 times more active in decreasing
the blood pressure than was adrenalin in increasing the blood
pressure.

Amounts of acetyleholine as small as 0.000,000,0024 mg.

;,
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per kilogram of body weight caused a pronounced fall in blood
pressure.

ZO years later Necheles and Neuwelt (43) published the .results of numerous experiments on dogs wherein they showed that
small doses of pitressin intravenously, more or less completely
inhibited the vasodepressor effects of small doses of acetylcholine.

Using this method as a test for pituitrin they were able to

demonstrate its presence after stinulation of the central vagi.
They concluded that the effectiveness of such small amounts of pituitrin (pitressin) as are liberated by central vagal stimulation
was evidence of a physiological mechanism of antagonism between
acetylcholine and pitressin.

A review ~f the literature reveals

no contradictory reports.
In 1933 Chang and Gaddum (44) following the work of Bischoff,
Grab, and Kapfhammer two years previously, confirmed the latter
group's findings that acetylcholine was present in very large amounts in the extracts of human placentas.

Chang and Gaddum ob-

tained 0.028 mg. of acetylcholine per gram of fresh normal placenta.

Compare this with the amount which Hunt demonstrated was cap-

able of producing a profound fall of blood pressure\

Chang and

Gaddum were unable to demonstrate acetylcholine in any of the other tissues of the body.
Eagle (45) cites Hauptstein (1932) a~ reporting the acetylcholine content of 18 human placentas ranging from 74-459 mg. per
kilogram of tissue extract (0.074-0.459 It¥s• per gm.) .
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He quotes

Chang's ?10rk (1935) wherein the latter stated, "there is a reserve
of acatylcholine in the placenta which

may

be

liberated from its

precursor in vitro", and followed this statement by a summary of
Chang's experiments (1938) which showed the presence of a "free"
and a "bound" fraction of acetylcholine in the human placenta.
Eagle confirmed Eufinger • s report (1933) of an increased choline
ester content of accumulated retroplacental blood in normal pregnant patients immediately postpartum.

Hofbauer (46) cites Eufin-

ger's findings of a remarkably lower level of acetylcholine in the

accumulated retr oplacenta l blood of toxemic patients.
Spaeth (1936) according to Hofbauer (46) reported a marked
decrease in blood choline ester content in 9 pre-eclamptic cases,
· and unusually low figures in 8 out of 9 eclamptic patients.

Hof-

bauer tested the acetylcholine content of the placentas of 5 consecutive, severe cases of toxemia and reported total placental content as 8.2, 4.1, 4.8, 6.0, and 6.3 mg. of acetylcholine, respectively.

Compare this with Hauptstein's range of 71 to 459 mg. per

kilogram from normal placentas.
Since acetylcholine is destroyed in the human body by the enzyme cholinesterase the report from the Harvard Pharmacology laboratory ( 46) that the placental cholinesterase in two cases of severe eclampsia and pre-eclampsia ran titers of 13.8 and 9.5 respect-

ively, in contrast to 8 normal cases ranging in titer from 3.9 to
7.1 becom3s very interesting.
oodbury and Fried (47) confirmed this by finding an average

31.

of 9.4 micrograms of acetylcholine chloride were hydrolyzed per 1
mg. of dried placenta from 13 pre-eclamptic patients compared to
en average of 6.0 micrograms hydrolyzed by 1 Ills• of dried placenta from 8 normal pregnant women.
On the basis of these experiments it seems that there is present in the human placenta an available vasodilator substance,
acetylcholine, which affects an antagonistic action on pitressin,
and which is present in decreased amounts in placentas of preeclamptic and eclamptic patients concomitant with increased cholinesterase in the saroo tissue.
Soskin, Wachtel, and Hechter (48) used prostigmine, an inhibitor of cholinesterase, in the treatment of cases of delayed menstruation and arrived at the conclusion that the role of hyperem~
ia of the uterus, as influenced by the parasympathetic nervous
system, was an important factor in the maintenance of the roonstru~

al cycle.

It was their belief that in certain cases of amenorrhea

there was a depression of the acetylcholine action in the uterus
which would account for the resumption of the regular bleeding following the injection of prostigmine.
this test clinically.

Grossman (49) reaffirmed

The decrease of blood fl~n in the uterus,

which is present due to acetylcholine deficiency according to these
observers, suggests a possible origin of placental infarcts so commonly seen in toxemic patients as well as other placental metabolic
upsets.

The infarcts in turn would decrease the storing capacity

of the placenta for acetylcholine and further · depress its availa-
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bility for antagonistic action on the posterior pituitary hormone, thus setting up a vicious cycle of blood chemistry events.
The reverse procedure, that is, the production of the infarcts by
anoxia from vasospasm induced by pitressin could initiate the same
chain of events.
A clinical test in normal, hypertensive, and toxemic pregnant
patients was recently p~rformed by Woodbury and Fried ( 47 )..

On

the basis of the above experiments and conclusions, they tested the
action of neostigmine methylsulfate, which is an inhibitor of cholinesterase and thus a potentiator of acetylcholine, by injection
of small to moderate amounts of the drug into the woIMn subjects.
Eight patients pregnant 7 to 9 months were included in the experiment.

Five of these patients ·were diagnosed as pre-eclamptic with

edema, proteinuria, visual disturbances, and high blood pressure
of recent origin present in their clinical picture.

Two patients

were hypertensive without evidence of toxomia, and 1 patient was a
normal control.

That individual susceptibility to the treatment

varied greatly was recorded.
In the one normal patient, and one of the hypertensive patients no decrease in blood pressure was noted, although uterine
activity was induced.

In the second hypertensive patient the blood

pressure was elevated by the action of neostigmine.

Thay conclud-

ed, therefore, that neostigmine in small to moderate amounts does
not lower the blood pressure of non-eclamptio, gravid patients
even though hypertension does exist.
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Three of the 5 pre-eclamptic patients showed blood pressure
I

decreases respectively as follows:

(a) 185/105 decreased to

143/82; (b) 220/125 decreased to 124/92; (c) 145/82 decreased to
100/60.

The arterial pressure remained low for 4 to 8 hours in

these three patients until the combination of diminished drug action and the excitement of uterine activity caused it to rise again.

Two of the pre-eclamptic patients showed no decrease in

blood pressure, but instead one of them had a 20 mm. rise.

Wood-

bury and Fried attributed the latter to either stimulation of the
autonomic ganglions or . the possibility of there being different
typBs of pre-eclampsia due to the alteration of different physiological factors in various patients.
One of the pre-eclamptic patients who showed a marked decrease
in blood pressure was tested again 10 hours postpartum.

No de-

crease in blood pressure was obtained al though an adequate dose
was injected.

0.32 mg. of acetylcholine intravenously over a per-

iod of 20 seconds in this patient shortly thereafter caused a decrease of 40 mm. in blood pressure, though.

In the absence of neo-

stigmine only minimal effects are produced by doses of acetylcholine 20 to 60 times as large according to Vfeiss and Ellis (49).
This test was interpreted as showing that marked effects may be obtained by the action of neostigmine antepartumwhile a large depot
of acetylcholine is available in the body (from the placenta), and
permitted to act due to the inhibitory effect of the neostigmine
on cholinesterase.

From their clinical observations Woodbury and
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Fried agreed with Soskin, Wachtel, and Heohter (48) than an apparent hyperemia of the uterus occurred following injection of the
neostigmine.
The action of veratrum viride was suggested as an analogous
drug by Woodbury and Fried, but the site of the chemical action of
the two substances is quite different.

Acetylcholine, enhanced by

the presence of neostigm.ine or acting alone, apparently acts directly upon the effector cells.

Veratrum viride is a central vagal

stimulant acting on the medulla.

Goodman and Gilman (50) consider

this drug pr~otically obsolete today, and remark that it "enjoys a
deserved oblivion."

Therefore, the dange.r s attendant with the use

of veratrum viride, which have been well publicized, do not have
their counterpart in the action of neostigmine methylsulfate upon
the total effective acetylcholine activity.
The part which acetylcholine plays in the etiology of toxemia of pregnancy cannot be definitely asserted on the basis of the
above experiments.

However, there is sufficient evidence to show

the possibility of its being a definitely contributory or etiological factor.

Since sufficient clinical reports are as yet unavail-

able due to the newness of this concept one can only hope that further evaluation of its true role in pre-eclampsia and eolampsia
will be forthcoming in the near future.
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CONCLUSIONS

The theory of arteriolar spasm of a generalized nature as the
pathogenic factor in toxemia of pregnancy is supported by much
clinical and experimental data.
ly in accord with it.

Most present authorities are firm-

The theory is weak only in lacking an ex-

planation for the cause of the arteriolar spasm.

That the poster-

ior pituitary hormone is increased in effectiveness during toxemias has much support as the possible source of this vasospasm.
Its heightened effect is possibly due to a combination of increased secretory action of the hypophysis as a phenomenon concurrent
with pregnancy, a hypersensitization of the individual vessels to
pitressin due to abnormal hormonal metabolism (especially chorionic gonadotropin), and lack of sufficient antagonistic vasodilator
effect resulting from a decrease in available acetylcholine in the
placenta.
Although there are many theories of the etiology of toxemia
of pregnancy which have not been discussed, and which are worthy
of further study (especially histamine metabolism), it should be
recognized that more complete investigation along the lines suggested by this discussion may prove extremely fruitful.

36.

SUMUARY

1.

The toxemia of pregnancy is defined as being peculiar to pregnancy.

Pre-eclampsia and eclampsia are regarded as differing

only in the degree of severity of the symptoms and signs.
2.

The concept of arteriolar spasm as the cause of toxemia is presented; The pathology and pathclogio physiology of toxemia
are discussed on the basis of this premise.

3.

"Evidence for the presence of posterior pituitary hormone in
the circulation of toxemic patients is presented.

4.

The effect of pitressin and ultrafiltrates of toxemic patients'
blood is compared and discussed on the basis of animal and human experiments.

5.

Hypersensitization of the blood vessels of toxemic patients to
the action of the posterior pituitary hormone is discussed.

6.

Definite evidence of pitressin as an arteriolospastic agent is
presented.

7.

The theory of an upset in acetylcholine metabolism is presented with evidence of its antagonistic effect on pitressin, and
the suggestion is made that this derangement is a possible factor in the etiology of toxemia of pregnancy.

8.

Further investigation along the lines discussed is urged.
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